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Measurement of Higgs branching ratio is necessary to investigate Higgs coupling to 
particle masses. Especially, it is the most important program to measure the branching 
ratio of H bb and H cc at the international linear collider (ILC). We have studied 
the measurement accuracy of Higgs branching ratio at ILC with -^s = 250 GeV by 
using ZH — > vi/H events. We obtained the Higgs branching ratio with 1.1% and 13.7% 
accuracy for H bb and H cc, respectively. 

1 Introduction 

In the Higgs mechanism, Higgs coupling is proportional to a particle mass. For that reason, 
it is important to measure the Higgs coupling to particle masses, i.e. Higgs branching ratio, 
is important to confirm Higgs mechanism and distinguish the Standard Model extensions. 
Especially, it is the most important program to measure the branching ratio oi H ^ bh and 
H cc at ILC Uj with the excellent performance of the flavor tagging. 

We have studied the measurement accuracy of Higgs branching ratio at ILC by using 
ZH vvH events. In this paper, we report the measurement accuracy of Higgs branching 
ratio oi H ^ bb and H cc. 

2 Simulation tools 

In this study, we used common generator samples in the ILC community for ZH events and 
standard model backgrounds, which were prepared with WITHERD at SLAC [5]. In this 
study, the Higgs mass was assumed to be 120 GeV. We used the center of mass energy of 
y/s ~ 250 GeV and the integrated luminosity of 250 fb^^. Here, the beam energy spread 
was assumed as 0.3% for the electron and positron beam. The beam polarization was set to 
80% left-handed for the electron beam and 30% right-handed for the positron beam. 

The signal and background events were simulated by the full simulator, Mokka[3], where 
the detector model is ILD_00 was implemented as the detector model [4]. Hadronization was 
done by Pythia6.409, in which the Higgs branching ratio is defined as shown in Table [2] for 
the Higgs mass of 120 GcV. After the detector simulation, the reconstruction was performed 
by Marhn[5]. 





Branching ratio 


bb 


65.7% 


w+w- 


15.0% 




8.0% 


99 


5.5% 


cc 


3.6% 



Table 1: The Higgs branching ratio defined in Pythia6.409. 
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Figure 1: Distribution of the reconstructed di-jet mass for signal (left) and background 
(right). 



3 Event selection 

In this study, the final states of four fermions are considered as background events, where 
they are classified into 6 groups, wqq, qqqq, i^lqq, i(qq, wii and Mil. The signal and 
background events are summarized in Tabled All events are reconstructed as 2-jet events 
by Durham jet algorithm [5]. By using the reconstructed 2 jets, the di-jet mass {Mjj) was 
reconstructed as shown in Fig. [T] Since the background events dominate in the Higgs mass 
region, the selection cuts were investigated. 

At first, we studied the distribution of missing mass (Mmiss). Since a Z boson decays into 
the neutrino pair in ZH — > vDH events, the missing mass should be consistent with Z boson 
mass (91.2 GeV). We, therefore, selected the events with 80 GeV < Mmiss < 140 GeV. 
Applying this cut. ££££^ ^^qq, and qqqq events were suppressed. Then, we required that 
the reconstructed di-jet particles have the transverse momentum (pt) from 20 to 70 GeV 
and longitudinal momentum (pl) below 60 GeV. We selected the number of charged tracks 
(-^tracks) abovc 10 to rcmove W~^W^ l^vl^v events. 

After the selection cuts so far, Tiy^-qq events become the main background. The maximum 
track momentum in each events (pmax) were investigated since the charged tracks from 
r have relatively higher momentum than those from fe-jcts. We selected the events with 
Pmax < 30 GeV. 1+ is the threshold y-value to reconstruct 2-jct as 3-jets. Since the final 
state of ZH vvqq and Tv^-qq is 2 and 3 bodies, respectively, for ZH vDqq events 
has smaller value than rv^qq events. On the other hand, y_, the y- value to reconstruct 2-jet 
as 1-jets, has larger value for ZH — s- vvqq events than vvqq and Ivqq because fi oiW and 
Z bosons from decay of WW and ZZ events is larger than Higgs from ZH — > vvqq. We, 
therefore, selected Y+ < 0.02 and 0.2 < y„ < 0.8. 

Finally, the signal region was set to be 100 GeV < Mjj < 130 GeV. After all the 
selection cuts, vvqq events from WW and ZZ events were reduced as shown in Fig. [21 The 
number of signal and background events and the selection efficiencies after the selection cut 
was summarized in Table [5] 



The 8th general meeting of the ILC physics working group, 1/21, 2009 




Figure 2: Distribution of the reconstructed di-jct mass after the selection cuts for signal 
(left) and background (right). 





cross section (fb) 


No. of events 


No. of events after all cuts 


Efficiency {%) 


ZH vvH 


77.4 


19,360 


7,384 


38.14 


ZH uvbh 


52.2 


13,062 


6,434 


49.26 


ZH — > vucc 


2.83 


707 


318 


44.98 




5843.2 


1,460,797 


851 


0.06 




5309.3 


1,327,332 


2,288 


0.17 




5304.2 


1,326,061 


24,979 


1.88 


^vqq 


599.9 


149,979 


21,653 


14.44 


Other 


25291 


6,322,758 


335 


0.01 



Table 2: The number of events for signal and background, and the selection efficiencies after 
the selection cuts. 



4 Measurement of Higgs branching ratio 

To measure the Higgs branching ratio of H s- bb and H —s- cc, the template fitting was 
performed [7]. For the template fitting, 3-dimensional histogram for the b-, c-, and bc- 
likeness was used, which are obtained as output values from LCFIVertex package [8]. In 
LCFIVertex, neural-net training was done by using Z ^ qq events at Z-pole (91.2 GeV) to 
derive b- and c-likeness. 6c-likeness is c-likeness whose neural-net training is done by using 
only Z ^ bb events as background. The each flavor-likeness for two jets are combined as, 

^ x,x, + (f-xo(i-^2) 

where X = 6 , c or 6c. Xi and X2 are the flavor-likeness of the first and second jet, 
respectively. 

The template sample is separated into H ^ bb, H ^ cc, H ^ other, and Standard Model 
background events. Figure [3] shows the 2-dimensional template histogram for fe-likeness and 
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H->bb 





Figure 3: 2-dimcnsional template histogram for 6-likeness and c-likeness. 



c-likeness. In H ^ other sample, H ^ gg and H W~W~^ events are dominant. Since 
the both distributions are identical, they are treated in one template sample. 

In the template fitting, the fitting parameters {rbb, rcc, roth, and rbkg) were adjusted to 
minimize the following function: 



2 ^ ijk Z_-/s ^ \ > ij 



where s shows &&, cc and other, r^b, t^c, Toth are the fraction of iJ — > &&, iJ — > cc, H others 
in ZH events after the selection cut, where we set r other = 1 ~ Tcc — ^bb- Tbkg is the 
normalization factor of the Standard Model background. N^-^^ are the number of expected 
events in (i, j, k) bin of the 3-dimcnsional histogram. 

To estimate the reconstruction accuracy of rbb and rcc, the fitting was done for 1,000 
times by using Toy-MC. Figure [5] shows the distributions of rbb and rcc obtained by the 
fitting, rbb and rcc were determined to be 0.87 ±0.01 and 0.046 ±0.009, respectively. These 
mean values are consistent with the true rbb (0.87) and rcc (0.046). From the result, if the 
cross section of e"*'e~ — > ZH can be determined with other measurements like a measurement 
of the Higgs recoil mass [9] and the selection efficiencies of ZH vvbb and ZH vvcc are 
known, Higgs branching ratio oi H bb and H cc can be measured with accuracy of 
1.1% and 13.7%, respectively. 

To evaluate the influence of Standard Model background on determination of the Higgs 
branching ratio, we performed the template fitting, fixing rbkg to 1. rbb and rcc were deter- 
mined to be 0.87 ±0.01 and 0.046 ±0.006, respectively. It corresponds to the measurement 
accuracy of 1.1% and 13.6% for rbb and rcc, respectively. From this result, it was found that 
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r^kg-- free 


rbkg = 1 


BR{H hb) 


1.1% 


1.1% 


BK{H cc) 


13.7% 


13.6% 


BK{H cc/H -* bh) 


13.3% 


13.3% 



Table 3: The measurement accuracy of Higgs branching ratio. For measurement accuracy 
of BR{H bb) and BK{H cc), it is assumed that the cross section of ZH is determined 
by other measurements. 



the fluctuation of the background normalization has only negligible effects on the measure- 
ment of Higgs branching ratio. 

Without any other measurement, we can measure 
the relative branching ratio between H ^ bb and 
H ^ cc hy analysis of only ZH vvH events as 
follows: 

BR{H cc) _ Tcc/ecc , . 

BR{H^bb) ~ ml ebb ^ ' 

where ebb and Ccc are the selection efficiencies oi H ^ 
bb and H ^ cc events as shown in Table [2] The 
relative branching ratio of 0.054 ±0.007 was obtained 
for the template fitting with free and fixed rbkg , which 
corresponds to 13.3% accuracy. The measurement 
accuracy for Higgs branching ratio is summarized in 
Table El 

5 Conclusion 

Measurement of Higgs branching ratio is necessary to 
investigate Higgs coupling to particle masses. Espe- Figure 4: Distribution of rbb (Upper) 
cially, it is the most important program to measure and Tcc (Lower) obtained by the tem- 
the branching ratio of H ^ bb and H ^ cc a,t ILC. plate fitting. 
We have studied the measurement accuracy of Higgs 

branching ratio at ILC with \/s = 250 GeV by using ZH vvH events. For Higgs mass of 
120 GeV and the integrated luminosity of 250 fb~^, we obtained the measurement accuracy 
of 1.1% and 13.7% for H ^ bb and H cc, respectively, assuming that the cross section 
of ZH is determined by other measurements. Finally, the relative branching ratio between 
H ^ bb and H ^ cc was obtained with 13.3% accuracy. 
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